As the number of electronic serials available to libraries continues to increase while library budgets remain either stagnant or on the decrease, it becomes necessary to evaluate the use of a library's electronic collection. In 2006, usage statistics were evaluated at Laurentian University, Canada, to provide direction to collection development and identify high-cost low-use electronic serials. Searches and full-text downloads were studied. A sharp increase in use was observed in and around 2004 which can be explained by the introduction, in Ontario, of the 'double cohort', by the rapid increase in the number of electronic resources subscribed to at Laurentian, and by the adoption of OpenURL technology. Heavily used electronic serials are identified. Turnaways, connections by IP address and Bradford's 20:80 rule are also examined. The application of a cost-per-download ratio provided a practical method for identifying underused products.
Introduction
The overall purpose of this analysis was to study the usage of the electronic collection of the J.N. Desmarais Library at Laurentian University. It represents an examination of both current usage data and data from previous years, where available, in an attempt to establish general utilization patterns of the electronic collection, currently and in the past. Additionally, the study provided much needed data in the form of a cost per use analysis to be applied to collection development. Such an analysis had never before been undertaken at the library.
Laurentian University is a multi-campus university founded in 1960, with its main campus located in Sudbury, Ontario, Canada. Considered to be medium-size by the Carnegie classification of institution scale (Carnegie Foundation for the Advancement of Teaching), the total full-time student population numbered 8,400 in 2006, with over 500 enrolled in various graduate programs. Also in 2006, 370 full-time faculty members taught and performed research. Programs cover multiple fields in the sciences, social sciences and humanities with 94 undergraduate, 18 Master's and 6 doctoral degrees offered.
As with most libraries, public or academic, the J.N. Desmarais Library, Laurentian University's main library, has not been spared the effects of the explosion in the number of electronic resources available for purchase or subscription . As more and more research tools became available in electronic format; it was necessary to rely to a greater extent on electronic products rather than their more cumbersome print equivalents, not only because patrons demanded it (Albanese 1-12; , especially those working off-campus , but also because physical space in the library itself was at a premium.
Between 2002 and 2007, the number of electronic journals available to the Laurentian University community jumped from 8,595 in 2002 to 28,468, a 230% increase. Current expenditures at the J.N. Desmarais Library for its electronic serials amount to $1.2 million (CDN$) accounting for about 81% of the library's serials expenditures. In contrast the average academic library tends to spend 70% of its serials budget on electronic products .
Thus, the J.N. Desmarais Library found itself with electronic journals subscribed to by individual title or in bundles or packages. They could be accessed directly from a publisher's site or from an aggregator such as BioOne, Ebsco, JSTOR, Proquest, Gale or from both, which typically leads to duplication of titles. Aggregators, such as BioOne, offer e-journals as stand-alone subject-oriented packages; others, such as Ebsco's Academic Search Premier, as searchable databases. Date and volumes available varied from one publisher to the next with some offering only the past year or so and others offering their entire collection from the first volume onward. Furthermore, some publishers impose embargoes making the most current issues or volumes unavailable to subscribers. Embargoes have ranged from 1 day to several years.
How can an academic library ensure that it is getting the best value for its money amidst the vast number of types of electronic resources now available for their patrons to use?
Without central control, managing the electronic collection effectively is almost impossible. One of the first steps many libraries have taken was to hire an electronic resource librarian dedicated to the management and organization of the library's electronic collection Ginanni, Landesman, . Additionally, electronic resource librarians can coordinate the gathering and analysis of usage statistics. Before deciding on the addition or retention of a particular electronic product, it is important to determine if usage warrants the budget allocation. In the case of a new product, usage information can be made available from the vendor during a trial period. These are just the steps which were taken at the J.N. Desmarais Library.
In 2004, the J.N. Desmarais Library added an electronic resource librarian to its team, and in 2006, this led to the first comprehensive statistical analysis of usage of electronic resources available at Laurentian University. Its primary goal was to investigate usage patterns in order to provide clear directions for collection development, and more specifically, to identify high-cost, low-use electronic serial services as possible candidates for cancellation since, as with many institutional libraries, the question of limited funding is an issue Blumenstein and Rogers 18; .
To be sure, low usage may simply be a result of patrons not knowing about the availability of a particular e-resource . More likely however, a scarcelyused e-journal or database is not a necessary or valuable addition to the library's collection. Services that retain low usage after a period of 3 years, especially following an aggressive marketing campaign, may not be of interest to the University community . But, without numbers, it is very difficult to justify ongoing expenditures.
Gathering the Data
Since this was the first extensive effort in the gathering and interpretation of usage statistics, a great deal of time was needed to extract the data, and more importantly, to establish contact with the various vendors in question in order to request access to the appropriate statistics. For many electronic products available at the J.N. Desmarais Library, such data had previously been inaccessible, as administrative access to these accounts had not been automatically provided with subscriptions. It required a total of 350 hours to compile comprehensive statistics. When the exercise was completed, an estimated 1,500 pages of data had been collected. Recently, gathering statistical information from vendors has become easier, but overall, is still a time consuming project . Those libraries which have yet to embark on this quest for usage information need to be aware of the amount of time compiling such information often requires.
For the purpose of this study, an electronic serial was defined as a subject database (e.g. BIOSIS Previews, Sociological Abstracts), a database with fulltext content (e.g. ABI/Inform, Academic Search Premier), a full-text e-journal suite (e.g. BioOne, ScienceDirect), or an individually subscribed e-journal (i.e. Nature Methods). In total, 88 electronic serials were examined. Numbers of searches performed in subject databases and the number of full-text articles downloaded were tracked. The number of searches, rather than sessions, is presented as it has been suggested as a more accurate method of measuring usage in that it represents a deliberate action on the user's part (Blecic, It was disappointing to see that statistics continue to vary greatly between vendors. In some cases, only basic numbers, such as sessions and searches, were provided. In other cases, much more comprehensive and complete statistics were available for analysis. Out of 88 products, 59 were COUNTERcompliant 1 . This represents a total of 67%. Granted, this situation is far better than that of even five years ago but it still represents approximately only two thirds of all electronic services subscribed to at Laurentian University (Cole 97-102; Conyers 37-44; Luther 2007; Luther 119-147) . In addition, COUNTERcompliant reports have been demonstrated to have variation in content and format, which can only mean that more work remains to be done to improve and standardize the usage statistics situation (Blecic, .
A cost-per-use analysis was also employed during this study. This cost-per-use concept has been applied for some time now when analyzing both print and electronic collections Holstrom; . In the case of this particular investigation, it was strictly applied to the download of full-text articles. Attributing a cost of a particular search is far more difficult to quantify.
The cost-per-download ratio was calculated to provide a dollar amount attributed to the value of a particular article, by taking the annual cost of a product divided by the total number of articles downloaded (cost ÷ downloads) from that same product. In this manner, it became easier to judge the value of a particular fulltext product offered by the library. The library could then assess, for example, whether it would be less expensive to use document delivery (e.g. interlibrary loan) rather than subscribing to a particular e-journal suite.
General Usage Patterns
On the whole, it is clear that electronic serials at Laurentian University have seen exponential growth in use over the past few years (Figure 1 A similar trend is noted with respect to the retrieval of full-text articles. , the Ontario secondary school curriculum consisted of 5 years (Grades 9 through 13). Secondary school reforms enacted by the Government of Ontario resulted in the elimination of Grade 13 from the curriculum, reducing the number of years high-school students spent in the curriculum from 5 to 4 (Grades 9 through 12). This change took affect in 2003. As a result, students from both the new Grade 12 curriculum and those of the old Grade 13 graduated from high school in the same year essentially doubling the overall number of graduating students from high school and, consequently, the number of first year students entering their post-secondary studies.
At Laurentian University, this meant an additional 1,300 students, or 20.8%, who were not only beginning their studies in 2003, but who would also continue to be present for the duration of their program of choice, typically 4 years (bachelor's honor). Many of these would also undoubtedly continue on to graduate programs. The first of these "double cohort" students graduated in the spring of 2007, with more scheduled to receive degrees after fall convocation. If this "double cohort" phenomenon proves to be the critical factor in the sudden increase in usage of Laurentian's electronic collection, it is to be expected that during the coming years, there would be a leveling off of the curve observed in Figure 1 . To confirm this, it will be necessary to wait and examine the 2007 and 2008 data.
A second important factor was the increase, over the same period, in the number of electronic resources available to students and faculty. Figure 2 ), and they are immediately connected to the full-text of the article in question, provided that the library subscribes to the contents. This simplification of the process of getting access to full-text content obviously had a positive impact on e-collection use (Chang 2; MacDonald 39-50; Yi and Herliky 317-331), a conclusion also reached by Eason, MacIntyre and Apps in their 2005 study which reported a rapid increase in usage after the implementation of OpenURL technology. Reason: The more steps to follow in order to gain access to an article, the greater the deterrence (Apps and MacIntyre). Mooers's Law states that "an information retrieval system will tend not to be used whenever it is more painful and troublesome for a customer to have information than for him to not have it" . This also corresponds with Zipf's principle of least effort (Kim 3-7) and Ranganathan's fourth law of library science: "save the time of the reader" (Gopinath; Rimland 24-26).
Figure 2: Get It @ Laurentian -the SFX button allowing patrons to connect to the full-text of e-journals.
The term "heavy weights" has been associated here with those electronic serials which have seen the heaviest usage. Table 3 presents the top three searchable subject databases while Table 4 displays the top three products from which fulltext articles are available. In each case, the rank, product name, vendor, and counts are indicated by year. respectively. These top databases have been described as rather general in nature as they index information from a multitude of subject areas (Ebsco Publishing; Proquest-CSA).
The "heavy weights" for full-text downloads are as follows: Academic Search Premier (142,000 downloads), ScienceDirect (67,000 downloads) and Proquest Nursing and Allied Health Source (61,000 downloads). Again, the top two products contain journals covering a wide variety of topics. Only Proquest Nursing and Allied Health Source offers information on a single subject.
In fairness, it should be also noted that Academic Search Premier is not a fulltext suite in the strictest sense. While it contains much full-text material, patrons can also search it for research on a particular topic and retrieve relevant articles through the use of SFX instead of going directly to a particular suite and searching the contents of only those journals provided within the suite. Ralston, in a 2007 study, found similar results where electronic journals were preferentially accessed through an aggregator (Ralston 51-64). . As applied to this study, this rule would imply that 80% of all downloaded articles originated from only 20% of the journals contained in a particular suite. As can be observed from the table, this rule does not seem to be an absolute. Usage ranged from 20:54 at the lowest to 20:97 at the highest. In other words, some journal suites saw 54% of the total downloads originating from the 20% most-used titles while other collections experienced almost all downloads from the top 20%. Only 6 out of 29 suites were even close to the 20:80 ratio (± 3 points). Variations in this ratio have previously been reported (Chrzastowski and Oleski 101-111).
The mean was calculated as being 20:79, which is very close to that stated by the rule. The median, or middle number, was 20:80 -which would seem to fit the rule -but the mode, or most often occurring number, was 20:97. This implies a negatively skewed distribution. Davis, in a 2002 publication, has reported this high usage rate (96%) among the top 20 journals available at medical institutions.
Cost per Download
The cost-per-download ratio is a very useful measure. Not only does it provide a concrete dollar value for a particular electronic article downloaded, but it also allows for a comparison in value between different delivery services. In this case, a comparison was made between the cost of a particular online full-text serial, and the cost of having these articles delivered via inter-library loan.
At the J.N. Desmarais Library, it has been observed that the cost of ordering an article by ILL can vary between $0.00 and $50.00 CDN, depending on the lending library. Having an item delivered from a nearby library will obviously be less expensive than from a library overseas. On average, the cost of ordering and having an article delivered by inter-library loan is about $15.00 CDN. Table 5 presents a list of 36 full-text individual titles and journal suites included in this study. The cost-per-download is provided. It is clear that the vast majority of these have a ratio far below the $15.00 mark.
One e-journal suite and two individual e-journals (Nature Materials, Nature Methods, and SIAM Journals) have a cost-per-download far above $15.00 ($114.00, $280.00, $554.54, respectively). These are exceptionally high. In the entire year, only 18 articles were downloaded from Nature Materials, 16 from Nature Methods and 11 from SIAM's mathematical journals. Given that Laurentian has had subscriptions to these online journals for several years and that usage has been consistently low, it would be far more cost effective to cancel these subscriptions in favor of the more economical alternative of document delivery via inter-library loan. Three other electronic serials (Duke University Press, GeoScienceWorld and Mental Measurements Yearbook) lie very near this $15.00 mark ($14.58, $10.75, $12.00, respectively) . Continued monitoring of their use is required, and a decision whether to retain or cancel can be made at the appropriate time.
However, services like Academic Search Premier and Proquest Nursing and Allied Health Source have a cost-per-download measured in cents, rather than dollars. These are all services which have been heavily used and warrant the retention of the online subscriptions.
In using a cost-per-use approach, there are some assumptions involved. First, it is assumed that the library would not have in its collection the print equivalent of a particular journal or journal suite. In other words, to access a particular article, the patron would have no other alternative than a connection to the full-text journal suite. Furthermore, it is also a given that all of the articles downloaded from a journal or a suite would have been ordered through inter-library loan, if that suite had not been part of the library's collection. It is unlikely that every single download from this suite would have been ordered, as many patrons will request a download simply because it is available and not necessarily pertinent to their work. However, the cost-per-download ratio still remains an easily calculated tool that can be quickly applied to act as an aid in the decision-making process.
Some Secondary Observations
During the course of this study a couple of other trends emerged, one dealing with IP addresses and the other with Turnaways.
Access by IP address was studied in the hope of determining which segment of the University had been utilizing the electronic collection the most. While it is true that an IP address cannot identify a particular user it can, however, quickly indicate the location of that user's computer. Unfortunately, usage statistics by IP were available from only 9 out of 88 services (10.2%). This is a bit low, as McDowell and Gorman reported in 2004 that 33% of vendors supply usage by IP address. Figure 3 illustrates the comparison between connections initiated on-campus and off-campus. Connections via the proxy IP were very high, at 45% of the total. It would seem then that a large portion of the library's patrons are working from home or perhaps while traveling. Similar findings have been reported from Cornell University (Davis and Solla 1062-1068) . The decision to access library resources from off-campus can be influenced by a couple of factors. In addition to convenience for those who would normally be on-campus , others may be forced to work from offcampus if they are taking distance education courses, as has been observed at many institutions of higher learning . 
Conclusions
The purpose of this usage analysis was achieved. Until now the extent to which electronic serials were being used at Laurentian University was not clear. As demonstrated, the electronic collection has seen remarkable usage. This, in itself, comes as no surprise given the current predilection for online information.
One of the main points observed during this study was the sudden increase in usage seen in the Desmarais Library's electronic collection in and around 2004, with a 3000% increase in searches from the previous year. Further investigation into these factors is warranted. One question remains: of these three possible factors which has contributed the most to the increase, or have all three participated synergistically? The continued analysis of data over the next few years will be necessary as it is expected that the student population at Laurentian University will return to pre-double cohort levels. It would also be interesting to see if this same pattern occurred at other affected Ontario universities, or at any other university that has experienced a sudden increase in its student population.
A cost-per-download ratio was demonstrated to be a practical method for identifying underused electronic products; in our case Nature Materials, Nature Methods and SIAM. It would be far more economical to depend on the library's inter-library loan service rather than continue such subscriptions. For this reason, it was decided that these subscriptions should not be renewed, unless, of course, a dramatic increase in usage occurs before the renewal date is reached.
Access to library databases and full-text journal suites was nearly equal between on-campus and off-campus users. Additionally, turnaways should be monitored as they were useful in justifying the addition of an extra seat to Laurentian's subscription to Global Books in Print. 
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